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Why	
  the	
  simula8ons?	
  

•  Accurate	
  extrac8on	
  of	
  weak	
  lensing	
  signal	
  
essen8al	
  to	
  cluster	
  mass	
  func8on	
  calibra8on.	
  

•  Methods	
  for	
  measuring	
  shear	
  well-­‐tested,	
  but	
  
only	
  in	
  the	
  weak	
  shear	
  regime.	
  

•  Previous	
  simula8ons	
  have	
  relied	
  on	
  sheared	
  
images,	
  but	
  the	
  real	
  distor8on	
  includes	
  
higher-­‐order	
  terms.	
  	
  



Further	
  uses	
  

•  Deblending	
  (DESC	
  CWG-­‐3)–	
  the	
  same	
  
simula8ons	
  (with	
  a	
  realis8c	
  cluster	
  galaxy	
  
component)	
  can	
  be	
  used	
  to	
  test	
  the	
  effect	
  of	
  
deblending	
  on	
  mass	
  profile.	
  

•  Connect	
  to	
  task	
  H-­‐1	
  (discussion	
  this	
  
a]ernoon)	
  



The	
  problem	
  

High	
  resolu8on	
  Galaxy	
  input	
  galaxy	
  images	
  
	
  
~109	
  pixels/image.	
  
	
  
Strong	
  Lensing	
  (reverse	
  lookup)	
  
	
  
Level	
  of	
  Realism?	
  



The	
  input	
  images	
  
Postage	
  stamps	
  from	
  UDF/HDF/GOODS/COSMOS	
  
(CANDELS	
  upcoming?)	
  

	
   	
   	
  All	
  except	
  COSMOS	
  have	
  color	
  
	
   	
   	
  High	
  S/Nà	
  noise	
  removal	
  via	
  thresholding	
  
	
   	
   	
  PSF	
  measurable	
  	
  (not	
  removed	
  this	
  itera8on)	
  

	
  



Rescaling	
  

•  Match	
  HST-­‐observed:	
  
	
  1)	
  number	
  counts	
  
	
  2)	
  half-­‐light	
  radii	
  vs.	
  mag	
  
	
  3)	
  redshi]	
  distribu8on	
  (not	
  used)	
  
	
  4)	
  random	
  orienta8ons	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  5)	
  ellip8city	
  distribu8on	
  (ensured	
  by	
  using	
  
real	
  images)	
  
	
  



Mass	
  model	
  and	
  lensing	
  
•  Currently	
  a	
  simple	
  NFW	
  model	
  
•  Code	
  allows	
  mul8ple	
  lensplanes	
  and	
  a	
  complex	
  
mass	
  distribu8on	
  	
  

•  Deflec8on	
  map	
  calculated	
  on	
  
0.0075”	
  (customizable)	
  scale)	
  

•  Lensing	
  is	
  calculated	
  independently	
  for	
  each	
  
postage	
  stamp	
  with	
  appropriate	
  distance	
  ra8os	
  
(for	
  current	
  run	
  all	
  sources	
  at	
  fixed	
  z)	
  

•  Lensed	
  image	
  pixelized	
  at	
  0.03”	
  prior	
  to	
  
convolu8on	
  

	
  



The	
  Algorithm	
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4.2 Implementation Details

In this simulation, the source and observation planes are not really planes, but rather finite lattices with
side length 40690. Let Ĩ and J̃ as the intensity functions on those lattices. Also let round be a function
which takes a 2-dimensional vector and returns the closest lattice point. Then we can production a discrete
version of Equation (??):
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With large densities, ~̂↵ can change significantly over a single pixel. It is therefore necessary to use subpixel

precision: each pixel is chopped up into a grid and its value is set to the average of the values computed for
each subpixel. We then define J̃

n

(x, y), the intensity function on the observation lattice with subpixel size
n, as
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where � = 1/n. As currently implemented, jedisim uses n = 4.
In theory, this does it. For each galaxy, we can form a source lattice and calculate J̃4(x, y) for each pixel

(x, y). However, this is a total of 2.3 ⇥ 1014 pixels, which makes for an impractically long computation,
particularly with subpixel accuracy. Luckily, most of these computations are unnecessary. Each galaxy is
tiny — the image for each galaxy is usually about 30 by 30. Even with the large magnifications sometimes
seen with strong lensing, the image of each galaxy in the observation plane will only have a few thousand
non-zero datapoints. If we knew a priori where those pixels were, it would only be necessary to do a few
thousand computations per galaxy instead of 409602 computations. The algorithm for finding those pixels,
without calculating the whole image, is detailed below. It is quite e�cient, but somewhat involved.

First, a useful definition is needed. Consider an image that is mostly blank (most pixels have zero
intensity). Define the information box of the image to be the minimal rectangle that contains all non-blank
pixels. The image age is completely specified by the position and contents of its information box.

The information box of a background galaxies G is a region R
G

in the source plane. Let O(R
G

) be the
region of the observation plane where light from R

G

ends up after passing through the lens. So to calculate
J̃4 over the entire observation plane, it is su�cient to calculate it over O(R

G

). Since O(R
G

) is much smaller
than the whole image — usually by five or six orders of magnitude — this is a much faster way to find J̃4.

It is computationally impractical to compute O(R
G

) by ray tracing light from R
G

. Instead, we search for
a slightly larger region O+(R

G

) that can be found quickly. O+(R
G

) is found by an algorithm given below.
First several necessary definitions must be made.

Let S
N

be a square-covering of size N of the observation plane, a set of squares with sidelength N that
make a “checkerboard” over the observation plane. See Figure ??. Of course, this can be only defined when
N divides the side length of the observation plane, 40960. Let X and Y be coordinates on the squares.
Because the covering is finite, they range from 0 to (40960/N)� 1 inclusive.
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Figure 3: Diagram of a square covering with N = 5.

Construct	
  a	
  covering	
  of	
  the	
  image	
  plane.	
  
	
  
For	
  each	
  postage	
  stamp	
  and	
  each	
  element	
  of	
  the	
  
covering,	
  calculate	
  the	
  intersec8on	
  between	
  the	
  
image	
  plane	
  pullback	
  and	
  the	
  minimum	
  informa8on	
  
box	
  containing	
  the	
  postage	
  stamp.	
  	
  	
  	
  
	
  
Create	
  an	
  output	
  distorted	
  postage	
  stamp	
  containing	
  
only	
  non-­‐zero	
  por8ons	
  of	
  covering.	
  
	
  
Very	
  efficient—40kx40k	
  output	
  image	
  with	
  200,000	
  
input	
  galaxies	
  in	
  ~6cpu	
  hours	
  



Convolu8on	
  and	
  resampling	
  

Now:	
  	
  Use	
  PhoSim	
  to	
  generate	
  a	
  PSF	
  (a	
  
star	
  image	
  with	
  very	
  high	
  S/N)—not	
  
quite	
  right!	
  

	
  Version	
  0	
  of	
  sims	
  use	
  a	
  
constant	
  PSF	
  
	
  
Convolu8on	
  performed	
  at	
  0.03”	
  
resolu8on,	
  image	
  resampled	
  to	
  LSST	
  
resolu8on	
  	
  
	
  
How	
  much	
  realism?	
  (depends	
  on	
  link	
  
to	
  PhoSim)	
  



Before	
  



A]er	
  



Timeline	
  
Release	
  0	
  images	
  available	
  now:	
  	
  20	
  clusters	
  spanning	
  range	
  
of	
  M	
  and	
  c:	
  	
  	
  
hnp://www.het.brown.edu/people/ian/DESC	
  
	
  
	
  
Now-­‐end	
  of	
  January:	
  	
  valida8on	
  of	
  release	
  0.	
  
February-­‐March–	
  produc8on	
  of	
  release	
  1.	
  
	
  
End	
  of	
  March,	
  2014–	
  Release	
  1	
  available	
  to	
  DESC	
  (and	
  the	
  
outside	
  world?)	
  
	
  
Late	
  2014	
  (early	
  2015)–	
  Release	
  2	
  with	
  new	
  func8onality.	
  



Discussion	
  
•  What	
  detail	
  needs	
  to	
  be	
  in	
  release	
  1?	
  
(PhoSim?	
  	
  Stars?	
  	
  Cluster	
  Galaxies?	
  	
  	
  
•  Should	
  release	
  1	
  be	
  extended	
  outside	
  DESC?	
  
	
  
•  What	
  should	
  be	
  in	
  release	
  2?	
  



Testers	
  are	
  needed	
  

•  The	
  simula8ons	
  need	
  you!	
  


